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摘  要：【目的】研究絮凝功能细菌 xn-1 对有害水华藻——铜绿微囊藻的絮凝效果，以期为有
害水华的治理提供新的选择。【方法】采用涂布划线法从藻际分离纯化絮凝功能微生物；基于
16S rRNA 基因序列确定进化地位；通过不同金属离子确定絮凝机制；梯度醇沉法获得絮凝物质；
以酶标仪测定絮凝效率。【结果】菌株 xn-1 确定属于申氏杆菌属(Shinella)，且命名为 Shinella sp. 
xn-1。在添加 Ca2+作为促凝剂的条件下对铜绿微囊藻表现出高效的絮凝效果，其絮凝效果主要来
源于胞外上清，而表现出高效的絮凝效果所需要的胞外上清添加量为 3.0%。从胞外上清中获得的
絮凝物质以 0.5 g/L 的添加量作用于藻细胞后表现出高效的絮凝效果，且随着处理时间增加，絮凝
团的体积增大。【结论】Shinella sp. xn-1 通过分泌胞外絮凝物质对铜绿微囊藻表现出高效的絮凝
效果，在絮凝作用下藻细胞聚集在一起形成大体积的絮凝团，该研究有利于治理有害水华。 
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Abstract: [Objective] To study the flocculation effect of bacterial strain xn-1 on water bloom causing 
species-Microcystis aeruginosa, to control water bloom. [Methods] Flocculation bacterium was 
isolated from phycosphere based on plate spread and streak technique; 16S rRNA gene was applied to 
determine the evolutionary status. Flocculation mechanism was confirmed by addition of different 
metal ions as coagulants. Bioflocculant was obtained by gradient alcohol precipitation. Microplate 
reader was used to study flocculation activity. [Results] Strain xn-1 was determined as a species of the 
genus Shinella, designated as Shinella sp. xn-1. Strain xn-1 exhibited high flocculation activity on   
M. aeruginosa with adding Ca2+ as coagulants, and the flocculation activity was originated from 
extracellular supernatant, showing high flocculation efficiency with the concentration of 3.0%. 
????: ???? Shinella sp. xn-1???????????? 1809 
 
Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn 
Bioflocculant isolated from extracellular supernatant could exhibit high flocculation effect with the 
addition of 0.5 g/L, and the algal flocs became huger with the increase of processing time. 
[Conclusion] Shinella sp. xn-1 shows high flocculation activity on M. aeruginosa through secreting 
extracellular bioflocculant, and the flocs with large volume are formed under the flocculation effect. 
This study is a useful option to control water blooms in the future. 
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1  材料与方法 
1.1  供试菌种、藻种及其培养 
???? xn-1???????? 7820???
?? LB???(???? 10.0 g???? 5.0 g??
??30.0 g?pH 7.2?1.0 L???)??28 °C?150 r/min
??????????????? (Microcystis 
aeruginosa 7820)???????????????
?? BG11 ??????? 50 μE/(m2·s)???
25±1 °C???? L:D=12 h:12 h ???????
BG11???(g/L)?NaNO3 1.500?K2HPO4 0.040?
MgSO4·7H2O 0.075?CaCl2·7H2O 0.036?Na2CO3 
0.020???? 0.006????? 0.006???????
A5 1.0 mL?EDTA 0.001???? 1.0 L??????
?????????????? A5 (g/L)?H3BO4 
2.860?MnCl2·4H2O 1.810?ZnSO4 0.222?Na2MoO4 
0.390?CuSO4·5H2O 0.079?Co(NO3)2·6H2O 0.490?
?????(g/L)?NaCl 24.0?NH4Cl 1.0?MgSO4·7H2O 
0.5?K2HPO4·3H2O 6.5?KH2PO4 2.0???? 10.0?
??? 0.6?pH?? 7.0???????? 






1.3  实验方法 
1.3.1  絮凝菌株 xn-1 的分离：?????? 7820
??? 20 mL??? 0.2 µm??????????
??????????[8]???????????
????? LB?????????? 28 °C??
2−3 d????????????? LB?????
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?? 28 °C????? 2−3 d??????????
??????? 0.5 mL????????????
? 10 mL????????????? 120 r/min?
?? 5 min???? 25±1 °C???? L:D=12 h:12 h
?????? 7 d?0.5 mL??? BG11????
???????????????????? 3?
?????????? 7820 ????????  
????????????? 20%??????  
?−80 °C???? 
1.3.2  菌株 xn-1 的菌落形态观察及简单染色：??
? xn-1??? LB??????? 28 °C????
24−48 h???????????????????
????????????? 
1.3.3  菌株 xn-1 的 16S rRNA 基因序列测定：??
xn-1????DNA???????DNA????
???????????DNA????? 16S rRNA
????????? 27F (5′-AGAGTTTGATCC 
TGGCTCAG-3′)? 1492R (5′-GGTTACCTTGTTACG 
ACTT-3′)?? PCR?PCR?????27F (10 μmol/L) 
1 μL?1492R (10 μmol/L) 1 μL?DNA (50 ng/μL)    
10 μL?Taq DNA???(5 U/μL) 0.5 μL?10×Buffer 
5 μL?dNTPs (2.5 mmol/L) 1 μL?? ddH2O???
50 μL??????94 °C 5 min?94 °C 1 min?55 °C 
1 min?72 °C 2 min??? 30??72 °C 8 min?PCR
??????????????????????
? NCBI? GenBank????? EzTaxon???[9]
??????????????????????
?? ClustalX ? MEGA 4.0 ????[10]???
Neighbor-Joining????????? 
1.3.4  菌株 xn-1 对藻细胞的絮凝效果：?????




????? (2) ?????????????     
5 mmol/L??????????????????





( )(%) = 100A B
A
??? ×





1.3.5  絮凝培养基的 pH对菌株 xn-1絮凝效果的影
响以及絮凝效果来源的探究：??? xn-1 ???
pH??? 6.0?7.0?8.0????????????




5 mmol/L ? CaCl2 ????????????  




?? xn-1?? 48 h????????? 3?
???(1) ?????????????????
????(2) ????????? xn-1 ????   
10 000×g?? 15 min???????? 0.22 μm?
???????????(3) ?????????
xn-1????????????????????












??????????????? 5 mmol/L ?
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1.3.7  不同金属离子对菌株 xn-1 絮凝效果的影响：
?? NaCl?KCl?MgCl2?CuCl2?FeCl3 ????
500 mmol/L????1×105 Pa?????????
5.0%??? xn-1 ????????????     
5 mmol/L ? NaCl?KCl?MgCl2?CuCl2? FeCl3
??????????????????????
???????????????????    





效果：????????[11]???? xn-1?? 48 h
??????6 000×g?? 20 min???????
?????????????4 °C?? 24 h??  
6 000×g ?? 30 min ????????????   





????????? 5 mmol/L? CaCl2?????






???????? 5 mmol/L? CaCl2??????
?(120 r/min?5 min)????????????     
5?10?20 min ???????????????
?????????? 
1.3.10  数据分析：??????? Origin 8.5??
?????“*”?? P<0.05?“**”?? P<0.01? 
2  结果与分析 
2.1  菌株 xn-1 的形态特征 
?? xn-1 ???? 3.0%? LB ??????




0.4 μm−0.6 μm (? 1B)? 
2.2  菌株 xn-1 的 16S rRNA 基因序列及系统进
化树分析 
?????1 485 bp??????16S rRNA?
??????????? NCBI? GenBank???
?? EzTaxon?????????????? xn-1
?????? Shinella yambaruensis MS4T????
?? 99.79%??? ClustalX?MEGA 4.0?????
?? Neighbor-Joining ????????(? 2)??
????? Shinella yambaruensis MS4T ????
??????????????????????
????? Shinella sp. xn-1? 
2.3  菌株 xn-1 对藻细胞的絮凝效果 






?????????? 79.30% (? 3)? 
 
 
图 1  菌株 xn-1 的菌落形态(A)及细胞形态(B) 
Figure 1  Colony morphology (A) and cell morphology (B) 
of strain xn-1  
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图 2  菌株 xn-1 的 16S rRNA 基因序列的系统进化树 
Figure 2  Neighbour-Joining tree showing the phylogenetic positions of strain xn-1 based on 16S rRNA gene sequences 
??????? 1 000??????????????????????? 70%???=0.005 Knuc. 
Note: Bootstrap values (expressed as percentages of 1 000 replications) are shown at branch points; Only bootstrap values>70% are showed; 




图 3  菌株 xn-1 有无加氯化钙的絮凝效果 
Figure 3  Flocculation activity of strain xn-1 with or 
without adding CaCl2 
Note: ** were presented as means ± standard error of the mean and 
were evaluated using one-way analysis of variance followed by the 
least significant difference test with P<0.01. The same below. 
2.4  絮凝培养基的 pH 对菌株 xn-1 絮凝效果的
影响以及絮凝作用来源 
?? 4?????pH?? 6.0???????
??? 65.14%????????? pH?? 7.0?
8.0 ????????????????????
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图 4  培养基不同 pH 对菌株 xn-1 絮凝效果的影响 





图 5  菌株 xn-1 的絮凝效果来源 
















?? 20 min?????????? 75.98%??? 
 
 
图6  菌株xn-1不同添加量的上清及处理时间的絮凝效果 
Figure 6  Effects of different dosages of supernatant and 




















图 7  不同金属离子对菌株 xn-1 絮凝效果的影响 
Figure 7  Effects of different metal ions on the flocculation 
activity of strain xn-1 
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??? 74.81%? 77.58%??????????  
0.05 g/L? 0.15 g/L?????????????
???? 0.5 g/L ? 1.0 g/L ?????????
11.05%? 36.36%???????????????
0.5 g/L????????? 
2.8  光学显微镜下的絮凝过程 
????????? 0.5 g/L ??????
?????????????????????
? xn-1 ??????? 7820 ????????
???? 9 ???? 9A ??????????
??????? 7820?????? 9B?C?D?
?????????? 5?10?20 min ????











图 8  絮凝物质不同添加量对絮凝效果的影响 




图 9  菌株 xn-1 所分泌胞外絮凝物质对铜绿微囊藻细胞
的絮凝过程 
Figure 9  High flocculation activity of Shinella sp. xn-1 on 
M. aeruginosa through secreting extracellular bioflocculant 
??A????????B????? 5 min?????C??
??? 10 min???????D????? 20 min?????
??=5 μm. 
Note: A: Algal cells in control; B: The formed flocs after 5 min 
treatment time; C: The formed flocs after 10 min treatment time; D: 
The formed flocs after 20 min treatment time; Bar=5 μm. 
 















(Shinella)????? Shinella yambaruensis MS4T?
?????? 99.79%??? xn-1 ??????
Shinella yambaruensis MS4T??????????
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FLC-xn-1 ???????????? FLC-xn-1 ?
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